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Normalized Relative Abundance of AED 
Bacterial Consortia 

Food-grade nklasses rn Feed-grade mbsses rn Cheese Whey Sodium lactate 1 
Figure I. Normalized Bucteriu terminal restriction fragment length polymorphism profile of alternate 
electron donor cultures. 

3.3 Terminal Restriction Fragment Length Polymorphism Archaea 

The results of the archaeal T-RFLP profiles of the AED cultures were very similar (see Figure 2). 
Each culture's T-RFLP detected three species ofArchueu. Using clones generated from the archaeal clone 
library created for TAN-25 groundwater (Wood, Cummings, and Sorenson 2003, two ofthe three species 
were identified. They included T-RF 196 bp, which was Mefhnothrix, and T-RF 335, which was 
Metl~unu.surcinu and Methanuspirillurn. All of these Archueu were methanogens, which is not surprising 
given that significant methane production was observed in all ofthe cultures. A4e/hunothrix and 
&Iethuno,surcinu genus are acetoclastic methanogens and Methunospirillwn are hydrogenotrophic 
methanogens. 

Methanogens are very important in dechlorinating communities. Hydrogenotrophic methanogens 
utilize hydrogen, which is also used by most dechlorinating bacteria, including Dehul0cuccoide.v 
ethenogenu and Dehulo.vpirilltwn mu1tivorun.v. Consequently, methanogens compete with dechlorinators 
for available hydrogen and may actually inhihit dechlorination under certain conditions. Acetoclastic 
methanogens, on the other hand use acetate and so do not compete with dechlorinators. The 
predominance of the acetoclastic methanogens within the AED culture T-RFLP profiles (approximately 
80% of the total populations) indicates that hydrogenotrophic methanogens may not significantly impact 
dechlorination in these systems. 
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Figure 2. Normalized Archaea terminal restriction fragment length polymorphism profile. Food-grade 
molasses (AED l), feed-grade molasses (AED 2). cheese whey (AED 3), and sodium lactate (AED 4). 

3.4 implications of Microbial Community Structure 

The main objective of this study was to determine if the AEDs feed-grade molasses, food-grade 
molasses, and cheese whey stimulated similar TCE-dechlorinating populations within a microbial 
community as well or better than sodium lactate. The TCE reduction performances of the AED cultures 
were signifidntly different (INEEL 2002). It was hypothesized that these differences in performance may 
have been due to differences in the community structure, specifically thc lack of dechlorinating bacteria 
within the culture. 

According to T-RFLP analysis, all of thc communities analyzed werc significantly different. More 
species were found in the lactate culture than in any of the AED cultures (see Table 2). The food-grade 
molasses culture was more similar to the lactate culture than either the feed-grade molasses or cheese 
whey cultures (see Table 2). The impurity of the cheese whey and feed-grade molasses may have 
i n d u c e d  bacterial populations not originally present within the TAN groundwater. These foreign 
populations may have contributed to the low TCE-reduction performance observed within these cultures. 
Consequently, the introduction of foreign populations into the groundwater at TAN may have significant 
implications to the hatural dechlorinating populations. Therefore, the use of electron donors with activc 
cultures should be carefully considered. If the AED does not work in the field, it may be difficult to 
recover the lactate-derived community because the introduced bacterial populations may out-compete the 
natural populations. 

E-12 



tions 

E-13 



4. SU 

E-14 



E-15 





Appendix F 

Quality Assurance Details 

F- 1 



F-2 



Appendix F 

Quality Assurance Details 

I. IN SITU BlOREMEDlATlON DATA QUALITY ASSURANCE 

General quality assurance (QA) requirements for Idaho National Engineering and Environmental 
Laboratory (INEEL) Environmental Restoration (ER) projects are established in the ER Quulity 
AssuraPrce Project Planfor Waste Area Groups I ,  2, 3, 4, 5, 6, 7, 10, and Inactive Sites {DOE-ID 2002) 
and the Project Management Plm, Environmental Restoration Program Management (INEEL 2000). 
Specific precision and accuracy requirements defined in the Sampling and Analysis Plan,fur Enhanced In 
Situ Bioremediation Predesign Operations Test Area North (INEEL 2001 ) are summarized in Table 1, 
Duplicates, field blanks, and trip blanks are used, as specified in the Quality Assurance Project Plan 
(QAPjP; DOE-ID 2002). Results for accuracy, precision, and completeness are provided in this appendix. 

Although Table 1 specifies the precision and accuracy requirements stated in the Predesign 
Operations (PDO) Sampling and Analysis Plan ( S A P ;  MEEL 2001), more stringent QA measures were 
developed in the In Situ Bioremediufion Remedial Action Groundwater Monitoring Plan for Test Area 
North, Operuble Unit 1-073 (LNEEL 2002) and ancillary documents. Several of these more stringent 
measures were implemented for data analyzed in the in situ bioremediation {ISB) field laboratory starting 
in April 2002. These measures are specified in the latest version of TPR-166, “ln Situ Bioremediation 
Field Laboratory Procedure.’’ 

Table 1. Precision and accuracy requirements for OperabIe Unit 1-07B in situ bioremediation 
performance monitoring from the Predesign Operations Sampling and Analysis Plan (INEEL 200 1 >. 

Precision/Accuracy 
i%\ Analyte Potential Analytical Method 

Chloroethenes GCECD 

Ethene/ethane/methane GC/F FD 

Lactate IC 

Acetate/propionate/butyrate GC/FD 

Sulfate Hach field test kit 

COD Mach field test kit 

Tritium Liquid scintillation counting 

Tron Hach field test kit 

Alkalinity Hach field test kit 

Sr-90/Cs- 13 7ialpha emitters Gas flow proportional gamma spectrometry 

Metals SW-X46,60lOB, and 7000 series 
GUECD = gas chromatographyielectron capture detector 
GC/FID = gas chromatography/flnme ionization detection 
IC = ion chromatography 

5 25 

t 25 

k 25 

k 50 

* 50 

f 50 

f 25 

f 50 

f 25 

Not specified 

Not specified 
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According to the 1% PDO SAP ( m E L  2001), all of the data collected during the PDO period 
were to be used to evaluate relatively long-term changes in analytes; thus, no single sample was critical to 
the interpretation. The quality level defmed for all sampling activities in this plan was screening data, in 
accordance with the data quality objective (DQO) process (EPA 1993) and the QAPjP (DOE-ID 2002); 
however, the SAP stated that most o f  the quality assurancekpality control (QA/QC) elements required for 
definitive data were to be used. The SAP further stated that defmitive confirmation was to be provided for 
the chloroethene data and the ethene/ethane/methane data by sending splits to an off-site laboratory on a 
quarterly'basis. Definitive data underwent Level A validation by the INEEL Sample and Management 
Office (SMO); all other data from off-site laboratories received completeness and QC checks. 

Observed Vulua - Stundurd Value 
Observed Vdue 

Yo EYYW = 

1.1 Accuracy 

x 100%- 

Accuracy is a measure of bias in the sampling and analysis program. It can be affected by the 
methods used for sampling preservation and handling, by the sample matrix, and by analytical methods. 
During this reporting period, accuracy was assessed through analysis of standards, standard additions, 
splits, performance evaluation (PE) samples, blanks, and matrix spike and matrix spike duplicate 
(MS/MSD) data. 

Sfandads-Standards were used to determine the accuracy of analyses conducted in the ISB field 
laboratory, including COD, sulfate, iron, phosphate, and ammonia. A COD standard was analyzed with 
each set of COD samples during this reporting period. Starting in April 2002, standards for sulfate, iron, 
phosphate, and ammonia were analyzed each day the analyses were conducted. Table 2 presents accuracy 
results for standards, including the type of analyte, a count of number of times a standard was performed 
during this reporting period, averages of the percent recovery values, the standard deviation of all percent 
recoveries from the reporting period, averages of the percent error values, and whether the PDO S A P  
criteria (Table 1) was met, as determined from the percent error value. Percent recovery was calculated 
as : 

Observed Vahe 
Stundurd Value 

% Recovery = x 100% 

where 

Observed Value = result of analysis 

value of standard solution. - Standard Value - 

Percent error was calculated as: 

Standards data are reported in Appendix D. Accuracy requirements presented in Table 1 were met 
for each of these parameters. 
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Analyte 

COD 

PDO SAP Average 

Percent Criteria Met? Recovery Standard Deviation Error 

24 98.0 8.40 7.0 Yes 

Average Percent Percent Recovery Count 

9.86 15 Yes 

17.2 24 Yes 

Sulfate 

Iron 

29 117 

17 86.1 

Table 3. Accuracy of in situ bioremediation field laboratory standard additions. 

Phosphate 

Ammonia 

6 110 9.03 8.2 Yes 

3 106 4.93 4 Yes 

Analyte 

5.99 10 Yes 

55.1 4s Yes 

N/A 39 N/A 

N/A 2 N/A 

Average Percent Percent Recovery Average PDO SAP 
Criteria Met? Percent Recovery Standard Deviation Errnr Count 

Splits-On a quarterly basis during this reporting period, split samples for chloroethenes and 
ethene/ethane/methane samples from all ISB wells were sent both to the INEEL Research Center (TRC) 
and to an off-site laboratory. The off-site laboratories used EPA Method 8260B (EPA 1996) for 
independent verification of the IRC soiid-phase microextraction (SPME) results. The target relative 
percent difference (WD) for splits identified in the PDO S A P  (INEEL 2001) was 25%. 

Alkalinity 

Sulfate 

Phosphate 

Ammonia 

The RPD for split samples (DOE-ID 2002) is calculated as: 

8 100.7 

3 70.2 

1 138.8 

1 98.0 

where 

C],C2 = analyte concentrations determined for duplicate or split samples. 
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Tables 4 and 5 present the RPD averages and standard deviations for chloroethenes and 
ethene/ethane/rnethane, in addition to numbers and percentage of split analyses less than 25 and 50% 
RPD for each parameter. RPDs were not calculated when IRC results were reported as not detected or 
trace. RPDs were calculated using off-site laboratory results that had been flagged as an estimated or 
undetected value. 

The target RF'D O f 2 5 %  was only met for trans-DCE. For some parameters, high RPD values can 
be partially attributed to calculating the RPD between two low values ( 4 0  ppb). Since split accuracy 
between the TRC and off-site laboratories was not within the target RPD range, performance evaluation 
(PE) samples and duplicate samples were examined for both laboratories to determine individual accuracy 
and precision at both the on-site and off-site laboratories. 

Performance Evaluation Samples-Performance evaluation samples were analyzed for 
chloroethenes using the SPME method at the IRC and the EPA 8260B method at an off-site laboratory. 
During this reporting period, the off-site laboratory was Severn Trent Laboratories. The PE program was 
administered by the INEEL SMO using commercially supplied certified standards. The PDO SAP 
(INEEL 2001) describes the details of this program. FE samples were purchased and prepared by 
Environmental Resource Associates and shipped directly from this vendor to the INEEL IS3 Field Team. 
Field team members included the PE samples with the other ISB samples collected during that sampling 
event, which were all sent together to the IRC and Severn Trent Laboratories. 

During this reporting period, PE samples were sent monthly to the IRC from February 2002 to 
September 2002 for both high (>lo0 ppb) and low (-408 ppb) range chloroethene concentrations. Since 
chloroethenes were only sent to an off-site laboratory on a quarterly basis, two PE samples (one low range 
[February 20021 and one high range [May 20021) were sent to Severn Trent Laboratories for analysis 
during this reporting period. 

Performance evaluation results for the SPME method are presented in Table 6. EPA 8260B 
resuits are presented in Table 7. For all PE samples collected, the average and standard deviation of the 
percent recovery are shown for all data points, including duplicate values as individual data points. The 
number and percent of values within accuracy limits shown represent data points that fell within the 9.5% 
confidence 1 imits established by Environmental Resource Associates. SPME results showed high 
numbers of values falling within the accuracy limits for all parameters except low range PCE and low 
range vinyl chloride (VC). EPA 8260B results were limited by only two reported data points for all 
parameters. Low range results for all parameters, collected in February 2002, fell within the accuracy 
limits, whereas high range results for all parameters collected in May 2002 were significantly lower than 
the certified value. For example, the certified value for PCE was 322 pgiL, but the EPA 8240B result was 
reported as 1.4 p a .  High range inaccuracies could have resulted from improper sample preparation, 
improper storage of the sample, or problems during analysis. 

The number of duplicates, average RPD, and RPD standard deviation values are shown for 
duplicate PE samples sent to the IRC (Table 6). No duplicate PE samples were sent to Severn Trent 
Laboratories. The iiurnber and percent of values within precision limits represent the number of duplicate 
data points with RPDs below 25%. All SPME reported values fell within the precision limits. 
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Statistic 

count 

Average RPD 

RPD Std. Deviation 

C0unt<25% RPD 

% ~ S % R P D  

COUII~<SO% RPD 

%<50%RPD 

- 

oethenes split analyses. 

tram-DCE 

> 100 
4EIdatu <100ppb ppb 

63 28 35 

12.8 12.0 13.5 

18.6 21.2 16.4 

55 25 30 

87.3 89.3 85.7 

59 27 32 

93.7 96.4 91.4 

TCE 

>IO0 
All &la <lUOppb ppb 

63 43 20 

43.9 52.7 25.0 

44.6 50.2 19.5 

3 1 18 I3 

49.2 41.9 65.0 

45 27 18 

71.4 62.8 90.0 

Sfatistic All data ClUOppb >10Qppb 

7 
4 

count 

Average RPD 

RPD Std. Deviation 

Count <25% RPD 

% a5%Q RPD 

Count 6 0 %  RPD 

% G O %  RPD 

8 8 NIA 

50.5 50.5 NIA 

54.65 54.65 N/A 

4 4 NIA 

50 50 N/A 

6 6 N/A 

75 75 N/A 

cis-DCE 

>IO0 
[Eldata <lOOpph pp6 

63 46 17 

65.8 96.6 36.7 

5.55 54.8 48.1 

20 10 10 

31.8 21.7 58.8 

43 17 14 

68.3 37.0 82.4 

32 32 NIA 

55.4 55-4 NIA 

39-3 39.3 NIA 

12 12 N/A 

37.5 37.5 NIA 

20 20 N/A 

62.5 62.5 N/A 

Le split analyses. 

Ethene 

All datu <100ppb rdOOppb 

46 36 10 

29.7 31.7 22.6 

25.94 26.23 24.82 

23 17 6 

50 47.22 40 

37 28 9 

80.43 77.78 90 

49 45 4 

63.6 59.6 109.2 

43.4 42.1 32.6 

12 12 0 

20 26.7 0 

20 20 0 

41 44.4 0 

71 5 66 

58.4 117.8 53.9  

46.37 48.18 43.38 

19 0 19 

26.76 0 28.79 

40 1 39 

56.33 20 59.09 



Table 6 .  SPME' performal 

Statistic 
count 

Average % Recovery 
% Recovery Std. Deviation 

Count within accuracy limits 
% within accuracy limits 

Statistic 
Count 

Average % Recovery 
YO Recovery Std. Deviation 

Count within accuracy limits 
% within accuracy limits 

AEl data <IO0 ppb ppb 
2 1 1 

70.2 77.4 63.1 
10.1 NA NA 

I 1 0 
50 IO0 0 

Count duplicates 
Average RPD 

RF'D Std. Deviation 
Count within precision limits 

% within precision limits 

:e evaluation sample results. 

TCE 
>loo 

LUdatu<IOOppb ppb 
24 10 14 

87.2 83.8 89.6 
17.8 13.3 20.6 
20 9 11 

83.3 90 78.6 

11 4 7 
2.57 2.42 2.66 
2.36 2.01 2.69 

11  4 7 
100 100 100 

Alldata <IOOppb ppb 
24 IO 

97.6 92.9 
18.3 16.1 
22 10 

91.7 100 

11 4 
1.73 1.76 
2.04 2.73 
11 4 

100 100 

14 
101 
19.6 
12 

85.7 

7 
1.72 
1.78 

7 
100 

cis-DCE 
AI/ >?OO 
data <100ppb ppb 
24 10 14 
100 92.5 105 
20.6 17.7 21,4 
22 10 12 

91.7 100 85.7 

11 4 7 
1.11 1.08 1.13 
0.94 1.13 0.91 
11 4 7 
100 100 100 

PCE 
>IO0 

illdata <100ppb ppb 
24 10 14 

74.4 64.7 81.3 
24.9 30.4 18,3 
17 4 13 

70.8 40 92.9 

11 4 7 
3.29 0.67 4.7s 
4.39 0.82 4.97 
I1 4 7 

100 100 100 

vc 
AIL >loo 
data < I O O p b  pph 
24 10 14 
106 88.8 119 
34.0 28.6 32.8 
11 0 11 

45.8 0 78.6 

21 4 7 
2.92 1.06 3.98 
2.95 1.66 3.09 
11 4 3 

100 100 100 
1 = Analyses performed at I N E L  IRC 

Table 7. EPA 826OB' performance evaluation sample results. 
I 

TCE 
> I00 

50 1 00 0 

AI! >IO0 
data ClOOppb ppb 

2 1 1 
53.2 98.8 7.6 
64.5 NA NA 

1 1 0 

50 1 DO 0 

Alldata ilOOpp6 pph data <lOOppb ppb 
2 1 1 2 1 1 

34.9 69.4 0.43 23.6 41.7 5.5 
48.7 NA NA 25.6 NA NA 

1 1 0 1 I 0 
50 100 0 50 100 0 

1 =Analyses performed at Severn Trent Laboratories. 



Blanks-The PDO SAP requirements included collecting one trip blank per sampling event for 
chloroethenes and ethene/etliane/methane analyses and collecting field blanks at a frequency of one per 
sampling event for radiological analyses. Future QA goals, stated in the ISB Groundwater Monitoring 
Plan {INEEL 2002), include collecting one trip blank per sample cooler for chloroethenes and 
ethenekthanelmethane and collecting one field blank per 20 samples for all samples (one sample for all 
analytes per day if the number of monitoring locations is <20). 

Analyte 

During the reporting period, the PDO S A P  requirements were met and additional blanks were 
collected to implement future QA goals. At least one trip blank was collected for chloroethenes and 
etheneiethaneimethane for each sampling event; for all sampling events except three, one trip blank was 
collected per sample cooler. Field blanks were collected at a fi-equency of one per sampling event for all 
radiological analyses and were collected for chloroethenes during 13 sampling events and for 
ethene/ethane/methane during 12 sampling events. For the trip and field blanks collected during this 
reporting period, there were no false positive values with a single exception; the tritium field blank 
collected on July 9,2002 reported a value of 2,000 pCi/L. 

Average Percent Percent Recovery 
Count Recovery Standard Deviation Future Criteria Met? 

PCE 
TCE 
c~s-DCE 
trans-DCE 
vc 

6 94.2 
6 102 
6 104 
6 102 
6 114 

3.38 
4.46 
5.45 
2.06 
10.1 

Analyte 

Yes 
Yes 
Yes 
Yes 
Yes 

Average Percent Percent Recovery 
Count Recovery Standard Deviation Future Criteria Met? 

Table 9.  Off-site laboratow matrix soike/matrix mike dudicate data. 

TCE 

Ethane 

Ethene 

Methane 

8 95.2 23.5 

10 50.2 52.1 

10 41.3 50.6 

10 -1,295 2,827 

Yes 

Yes 

Yes 

NO 

I .2 Precision 

Precision is an assessment of reproducibility of measurements under a given set of conditions. 
Overall precision was assessed through collection and analysis of duplicate samples at the TSB field 
laboratory, IRC, and off-site laboratories. Duplicate samples are defined as two samples collected for the 
same analyses during a single mobilization. Average RPD and RPD standard deviations are presented for 
all duplicate data in Tables 10 through 14. 

F-9 



Analyte 
A I kalinity 
Ammonia 

Iron 
Sulfate 
COD 

Phosphate 

Table 1 1. Relative percent differences for TNEEL Research Center duplicates. 
RPD Standard Count <25% Count <50% 

RPD Standard Count <25% Count 4 0 %  
Count Average RPD Deviation RPD RPD 

16 1.55 1.03 16 16 
2 4.00 NIA 2 2 
2 6.50 NIA 2 2 
2 16.4 N/A 1 2 
11 3.64 2.3 1 11 11  
4 3 1.2 37.3 2 3 

Analyte 
PCE 
TCE 

cis-DCE 
trans-DCE 

vc 
Ethene 

Methane 
Lactate 

Propionate 
Acetate 
Butyrate 

Analyte 
PCE 
TCE 

cis-DCE 
trans-DCE 

VC 
'Ethene 
Ethane 

Methane 

Count Average RPD Deviation RPD RPD 
2 14.9 NIA 2 2 
11 2.64 1.53 11 11 
5 4.09 3 .OO 5 5 
8 3.45 2.27 8 8 
2 9.95 NIA 2 2 
7 26.7 21.6 4 6 
15 19.4 17.4 10 14 
2 0.59 NIA 2 2 
2 3.47 NIA 2 2 
3 2.82 2.24 3 3 
2 5.24 NIA 2 2 

RF'D Standard Count <25% Count <50% 
Count Average RPD Deviation RPD RPD 

2 63.8 N/A 1 1 
5 6.9 4.85 5 5 
4 5.4 2.46 4 4 
5 5.9 2.48 5 5 
4 36.9 3 1.3 2 3 
4 17.3 10.4 3 4 
2 11.9 NIA 2 2 
5 75.1 62.5 2 2 

Analyte 
Tritium 
Sr-90 

Cs-1 372 

RPD Standard Count - 4 5 %  Count <50% 
Count Average RPD Deviation RPD RPD 

15 8.60 9.33 13 I5 
5 3.07 2.40 5 5 
2 5.33 NIA 2 2 
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Anal yte 
Barium 
Calcium 

Chromium 
Iron 

Magnesium 
Manganese 

Nickel 
Potassium 

Sodium 
Zinc 

1. All analyses perfonned at Southwest Laboratory of Oklahoma. 

RPD Standard Count 125% Count <50% 
Count Average RPD Deviation RPD RPD 

5 4.88 5.04 5 5 
5 4.65 4.42 5 5 
1 14.6 NIA 1 I 
4 5.24 4.68 4 4 
5 5.42 4.80 5 5 
4 5.45 3.41 3 4 
1 2.5 1 NIA 1 1 
5 4.70 4.08 5 5 
5 3.93 2.91 5 5 
4 10.0 10.2 4 4 

As shown in Table 10, the average RPD values for all analyses conducted at the ISB field 
laboratory were within the criteria established in Table 1. Table I 1 shows that the average RPDs for IRC 
duplicates were within the 25% criteria defined in Table 1 witb the exception of ethene, which had an 
average RPD of26.7%, only slightly outside the specified range. 

Ail off-site chloroethenes and ethene/ethane/methane duplicates were within the precision criteria 
except PCE, VC, and methane. Both PCE and VC were present at relatively low concentrations and were 
usually flagged as an estimated or undetected value; therefore, it is difficult to produce low RPD values. 
For methane, the off-site reported duplicate values were not similar (910 and 12,000 ppb), which resulted 
in high RF'Ds. Average RPDs for radionuclides and metals (Tables 13 and 14) met the criteria presented 
in Table 1. 

1.3 Completeness 

Completeness is calculated by comparing the number of samples planned (as listed in the S A P  
table for each sampling event) to the number of planned samples actually collected, as shown in the 
following equation: 

sn 
%C = -XI 00% 

St 

where 

percent completeness 

number of planned sampIes collected 

- %C - 

s n  
- 
I 

number of samples planned in the SAP table. - - St 

The completeness goal, as stated in the PDO SAP (INEEL 2001), was 90%. Compkteness results 
are presented in Table 4-14 of this report. This table shows the number of samples planned (as listed in 
the SAP table), the number of those planned samples collected, and percent completeness for those 
samples. As is shown in Table 4-14, a percent completeness of96.9% was achieved for the reporting 
period. Additional samples were collected for five sampling events during this reporting period that did 
not appear on the SAP table for that sampling event. These samples were added to the total planned 
samples collected and shown in the total samples collected column. Details are provided in the comments 
cotumn. 
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2. TRACER TEST QUALITY ASSURANCE 

This section presents the results of the QA/QC elements that were employed during the 2002 
Tracer Test. These included analyzing standards, blanks, and duplicates. The sample completeness goal 
for the 2002 Tracer Test was 90% for bromide, iodide, and COD samples, with duplicates being collected 
at a frequency of 1 per 20 samples (5%). Table 15 presents the completeness percentages and duplicate 
frequencies. As indicated in Table 15, the goal of90% completeness was met and duplicates were taken 
at a frequency of at least 1 per 20 samples. 

Table 15, Completeness and duplicate collection frequency for the 2002 Tracer Test. 
Actual Percent 

Pjanned Samples Duplicates Completeness Duplicate 
Analyte Samples Collected Collected (yb) Frequency 

Day 1 - Bromide 

Day 2 - IodideKOD 

137 

165 

Day 3 - 1 1 - Iodide/CQD 82 

136 

156 

81 

7 

9 

7 

99.3 

44.5 

98.8 

1 per 19.6 
samples 

1 per 18.3 
samples 

1 per 11.7 
samples 

Accuracy is a measure of bias in the sampling and analysis program. Accuracy can be affected by 
the methods used for sampling preservation and handling, by the sample matrix, and by analytical 
methods. For the 2002 Tracer Test, bromide and iodide concentrations were analyzed using Oriot? 
ion-specific electrodes (ISEs), and COD was analyzed using Hach Method 10067 (a field laboratory 
analysis). The accuracy goal for bromide, iodide, and COD was an average percent recovery between 
90 and 110%. To ensure accuracy for the bromide and iodide analyses, the bromide and iodide ISE 
readings were compared with standard solutions of 1, 10, 100, and 1,000 mg/L concentrations at a 
frequency of at teast 1 per 20 samples. If the TSE gave a reading outside the 90 to 110% range, it was 
standardized according to the equipment manufacturer's procedure. Due to the high frequency of 
comparing ISE readings with the standard soIutions, matrix spikes were not analyzed for bromide or 
iodide. To ensure accuracy for the COD analyses, each COD batch analyzed included an SOO-mg/L. 
standard. Table 16 shows that the percent recovery values based on this standard were all within the target 
of 90 to 110%. 

Precision is an assessment of reproducibility of measurements under a given set of conditions. 
OveraIl precision can be assessed through the collection of duplicate samples, which are defined as two 
samples collected €or the same analysis during a single mobilization. As discussed earlier, duplicates were 
collected at a frequency of at least 1 duplicate per 20 samples (Table 15) during the 2002 Tracer Test. 
Target RPD values for bromide and iodide were set at 10%. Target RPD values for COD were set at 50% 
for samples with a COD concentration less than or equal to 125 mg/L and 25% for samples with COD 
concentrations greater than 125 mg/L. Table 17 shows the actual WDs between duplicate sampIes for 
bromide and iodide, and Table 18 presents the actual RPDs between duplicate samples for COD. 
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Table 16. Percent recoveries for 2002 Tracer Test 800-mg/L chemical oxygen demand standard. 

y w  Batch Number YO Recove 
Reading 

1 868 i09 
2 813 102 
3* 794 99.3 
4 799 100 
5 877 110 
6 79 1 98.9 
7 87 1 109 
8 845 106 
9 770 96.3 
10 840 105 
11 850 106 
12 840 I05 
13 77 1 96.4 
I4 729 91.1 
15 842 105 

Average NA 1 03 
* The original reading was 902 m&; however, the batch was reanalyzed resulting in the new standard reading of794 mglL 

Table 17. Relative percent differences between duplicate bromide and iodide samples from the 2002 
Tracer Test. 

Concentration RPD 
- .  ("/I .- Analyte -1 

Bromide 
Bromide 
Bromide 
Bromide 
Bromide 
Bromide 
Bromide 
Iodide 
Iodide 
Iodide 
Iodide 
Iodide 
Iodide 
Iodide 
Iodide 
Iodide 
Iodide 
Iodide 
Iodide 
lodide 
Iodide 

2.611.46 
1,03O/I,020 

2981286 
1481164 

19.4138.2 
2661262 
1421154 

60 8/64 I I 
I ,260/1, ,250 
372.51372.5 

234/2 I 9 
158/157 

0.295/0.315 
1,150/1,070 

2 93 /2 8 8 
228/24 I 
69. U70.7 

0.03 4 UO.03 3 2 
2.04A.96 

0.076lO. 066 
0.6 1410.47 I 

Bromide 2.611.46 
* Values exceed the targct KI'D for duplicates. 

56* 
1 
4 
10 
65 * 
2 
8 

6 
1 
0 
7 
1 
a 
7 
2 
6 
2 
3 
4 

14* 
26* 
56* 
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TabIe 18. Relative percent differences between duplicate chemical oxygen demand samples from the 
2002 Tracer Test. 

Coilcentration RPD 

459/492 7 

(mg/L) 

25,416/19,692. 25 

25,272/2 1,744 15 

5 

1 

175' 

32' 

719 25 

90188 2 

15/22 38" 

23/10 

5,2 02/45 63 

47/25 

26 

13 

61 * 
* Values exceed tht: target RPD for duplicates. 

The RPD values for bromide and iodide duplicates were within the target 10% for all analyses 
except for two bromide and two iodide duplicates. Of the two bromide duplicates, one had a low 
concentration (<2.6 ppm), which is dose to the detection limit using direct measurement with the OrionJw 
ISE. The remaining bromide duplicate (19.4 and 38.2 ppm) had a high RPD of 65.3%; however, it 
appears that the problem was limited to this duplicate sample since all other duplicates were well within 
the acceptable range. In addition, this duplicate value did not alter the data trend that created the bromide 
tracer breakthrough curve. Both iodide duplicates had very low concentrations ( 4 . 6  14 ppm), which 
resulted in apparently high RPD values, while the actual differences were only 0.01 and 0.14 ppm. 

All but three of the COD duplicates met the target RPD values of 50% for values less than or equal 
to 125 mg/L and 25% for values greater than 125 mg/L. Of these, the 175% RPD likely represents a 
dilution error. While the other two sets of duplicates had RPDs that exceeded the target range, this did not 
compromise the ability to interpret the results ofthe tracer test. 
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